We present here a photochemical investigation of the NOx budget in the troposphere over eastern Canada in summer, using data from the ABLE 3B expedition conducted in July posphere, yielding an ensemble of snapshots of local photochemistry along the aircraft flight tracks from which regional statistics for the NO,, budget can be obtained. The 1-D model calculations are used for the continental boundary layer (CBL) over the boreal woodland and account for diel variations in vertical mixing and biogenic isoprene emissions. The woodlands of eastern Canada are large sources of isoprene [Blake et al., 1994] . The ABLE 3B data provide a rare chance to study the chemistry of isoprene under the low NO,, conditions which are characteristic of the CBL over remote regions.
The NO,, budgets in the free troposphere and in the continental boundary layer are presented in sections 3 and 4, respectively. Conclusions are in section 5. The appendix provides discussion on the feasibility of using the concurrent measurements of NO and NO2 in ABLE 3B to calculate the concentration of peroxy radicals and test the accuracy of photochemical models.
Methods
A map of the ABLE 3B region is shown in Figure 1 . Air masses of various chemical compositions were encountered by the aircraft, reflecting influences from forest and tundra fires, industrial and urban pollution, stratospheric intrusions, and tropical outflow ( Table 1 ). The ABLE 3B mission design placed particular emphasis on sampling biomass fire plumes. Air masses influenced by biomass fire emissions, as diagnosed by CO concentrations greater than 120 ppb [Talbot et al., 1994] , accounted for about 30% of the aircraft observations in the free troposphere. Lidar The 0-D model is inadequate in the continental boundary layer (CBL) (below 2.5 km), where the concentrations of radicals are sensitive to the abundance of biogenic isoprene and its oxidation products [Jacob and Wofsy, 1990] . The lifetime of isoprene is only a few hours, while the carbonyls produced successively in the isoprene oxidation chain have lifetimes of a few hours to a few days. One cannot assume that the isoprene oxidation products are in local chemical steady state with the isoprene concentrations measured aboard the aircraft. We use therefore a time-dependent, 1-D model for the CBL, following Trainer et al. [1987, 1991] and Jacob and Wofsy [1988, 1990] , and apply this model to simulate observations over the Schefferville tower site on August 7 when detailed measurements from the tower and from an aircraft spiral Air mass types are defined following Talbot 
NOx in the Continental Boundary Layer
We now turn to an analysis of the origin of NO,` in the continental boundary layer (CBL) over the boreal woodland at Schefferville using the 1-D model for August 7 described in section 2. We address the following questions. (1) Does decomposition of PAN subsiding from the free troposphere account for NO,` in the CBL? (2) How does vegetative emission of isoprene affect NO,` and PAN? (3) How sensitive is the NO,` budget in the CBL to the RO2 + HO2 reactions? The last question is motivated by the lack of kinetic data for the reactions of organic peroxy radicals (RO2) arising from photochemical oxidation of isoprene. Reactions of these peroxy radicals with each other are probably slow [Madrordch and Calvert, 1990 ], but reactions with HO2 may be rapid [Atkinson, 1990] . The reaction products axe assumed to be organic peroxides (ROOH) which may photolyze, react with OH, or be removed by deposition. The latter two sinks would represent real loss of radicals from the atmosphere.
To address the above questions, we present here results from three simulations (1) a standard run including isoprene emission, RO2 + HO2 reactions with a rate constant k = 3.4x10 -]3 e 8øørr cm 3 molecule -1 s -1 taken from Atkinson [ 1990] , and ROOH photolysis at a rate twice that for CH3OOH; (2) a sensitivity run with zero isoprene emission; and (3) another sensitivity run with isoprene emission but without the RO2 + HO2 reactions. Our definition of RO2 here does not include the CH30 2 radicals, for which kinetic measurements of the reaction with HO2 axe available. Figure 5 shows aircraft measurements of ambient temperature, absolute humidity, and mixing ratios of CO over the tower site on the afternoon of August 7. The air mass below 2 km originated from the Hudson Bay region 5 days prior to aircraft measurements and was not modified by rain or combustion emissions during the transit period [Shipham et al., 1994] . The composition of that air mass is typical of the regional background (Table 1) . Tropical influence from the Pacific is apparent above 2 km and is manifested in Figure 5 by the low mixing ratios of CO (<80 ppb). This tropical influence was transitory [Shipham et al., 1994 ]; therefore we assume that the boundary layer had been in contact with a free troposphere of background composition in the few days before being overriden by the tropical air. This assumption dictates our choice of upper boundary conditions (section 2). 
Summary
The origin of NOx in the summertime subarctic troposphere over eastern Canada was studied by modeling aircraft and ground observations from the ABLE 3B expedition. It is found that decomposition of PAN can account fully for the observed NO• concentrations in the free troposphere below 6 km except in occasional air masses subsiding from the upper troposphere. There is evidence that other organic nitrates are present in these air masses, and their decomposition may provide significant sources for NO•. We speculate that HNO3 may react with CH20 in concentrated sulfuric acid aerosols to produce HOCH2ONO2 and CH2 ( 
